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(57) Abstract 

A flexible polymer, composite tube (1) adapted for transport of fluids such as hydrocarbons, eg. oil and/or gas, and flexible enough 
to be coiled with a curvature radius as short as approximately 20 times its outer diameter. Hie flexible riser (1) comprises the following 
structural elements: an inner liner (2) of thermoplastic material, an intermediate reinforced, polymer, multi layer component (3), and an 
outer thermoplastic liner (4). The inner liner (2) is continuously bonded to the intermediate, mum layer component (3), which again is 
continuously bonded to the outer liner (4). A method for manufacturing the flexible tube (1) by welding or gluing is also described. 
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A FLEXIBLE COMPOSITE PIPE AND A METHOD FOR MANUFACTURING 
SAME 

The present invention relates to a flexible composite 
pipe, intended to be used for the transport of fluids and in 
particular hydrocarbons (e.g. oil and/or gas), injection 
fluids (e.g. methanol, water etc.). The pipe may also be 
used as a flexible riser, adapted for transportation of 
fluids from/to a floating production unit to/from a sub sea 
wellhead etc. 

The flexible composite line according to the present 
invention is a high performance device developed to serve 
the above purposes at high temperatures <up to 200 °C) , high 
pressures (up to 700 bars) , and for deep water dynamic 
applications (such as flexible risers) . 

Flexible pipelines or risers are previously known in 
connection with dynamic riser systems. In these prior art 
systems the tension elements are made of steel. Accordingly 
the weight of a conventional tube is very high, also when 
submerged. The top tension is extremely high at large water 
depths, and accordingly prior art riser tubes of flexible 
type have only been used in rather shallow water. Conven- 
tional flexible risers also have a limited temperature 
range, typical up to 13 0°C, have a limited pressure resist- 
ance, and the manufacturing costs are very high, due to a 
complicated fabrication process. 

Previously known metallic, dynamic tubes and risers are 
not very flexible and therefore not spoolable, which leads 
to an expensive and complex installation; such prior art 
flexible risers cannot take large deformation during 
operation, they accept only limited temperature intervals, 
e.g. Titanium is only qualified up to 110°C, the hang-off 
forces become very large due to the large weight even in 
submerged position, and if corrosion resistive metal is used 
(which is often required) very high material costs are the 
result. In deep-sea locations flexible solutions have not at 
all been viable. 

The object of the present invention is to provide a 
new, lightweight, high performance flexible pipe applicable 
for transportation of fluids, such as hydrocarbons (oil 
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and/or gas) , and injection mediums such as methanol and 
water. 

The main advantages of the flexible composite line are; 
It is spoolable( Elongation during installation 
5 approx.3-4%) . 

It is a lightweight pipe and accordingly the required 
top tension is low. 

The design lifetime is set to 20 years. 
It can take large deflections also during the 
10 operational phase. 

The following features make the flexible, composite 

riser unique: 

The build up of the composite materials in different 
bonded layers. 

15 - The fabrication process by use of extrusion and welding 

or gluing of tapes. 

The combinations of materials that make the matrix 
fulfill the requirements to temperature, sealing (diffusion) , 
electrical insulation, pressure, weight and elongation 

2 0 requirements . 

The riser concept is based on the following design: 
A bonded pipe construction based on an inner liner, at 
least two reinforcing layers, and an outer liner; as 
described in more detail in the claims. 
25 Still other advantages are: 

The tensioning elements may be jointed, either by over- 
lapping and gluing for thermosetting materials or by over- 
lapping and welding for thermoplastic materials. 

The matrix material may be blended and accordingly it 
30 may be changed from the inner layers of the tube to the 
outer layers; so that each layer is compatible to its 
adjacent layers. 

The change of the matrix material mentioned above may 
also be implemented so that each layer is made from a 
35 material being as inexpensive as the requirements to each 
layer allow. 

Optimal material qualities may be obtained for each 
layer, as each layer may be designed to endure the local 
conditions, e.g. when temperature and pressure are con- 
4 0 sidered. 
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The tube according to the present invention is based on 
a bonded pipe construction based on an inner liner, rein- 
forcing layers and an outer liner. 

The different layers have different tasks and can be 
5 coTtibined in a huge number of combinations. Thickness, 

orientations, multiple layers, intermediate layers, matrix 
materials and fibre materials are all parameters which may 
be manipulated. 

The concept is based on a tube, such as a riser, which 
10 can be spooled onto a reel. Two basic production concepts 
can be used. The first is to produce the whole riser in one 
piece and second is to produce discrete lengths and assemble 
those. 

A more detailed description of a tube according to this 
15 invention is stated below, including some possible modifi- 
cations and preferred solutions. 

A flexible polymer composite riser may be designed with 
an inner diameter ranging from 6 to 12 inches, for 
transportation of fluids such as hydrocarbons (oil and gas) , 
20 methanol, water and other gases and liquids. The riser is 
flexible enough to be spooled onto a reel with a hub radius 
of 4500-8500 mm. An 8-inch riser will typically be spooled 
on a reel with a hub radius of 5500 mm. 

The riser consists of three main construction elements; 
25 an inner liner of thermoplastic material bonded to a re- 
inforced polymer element (composite) and an outer liner of 
thermoplastic material, which is bonded to the reinforcing 
polymer element. 

The functions and description of the different layers 

30 are as follows: 

The inner liner acts as a barrier against the 
pressurised oil/gas flow. It protects the reinforced layers 
from exposure of wear, abrasion, chemicals, heat etc. The 
liner must cope with temperature in the range of 100-200°C. 

35 Liner materials include, but are not limited to the 

following: Polyamides (PA), Polyvinylidene fluoride (PVDP) , 
Fluoro-ethylene-propylene (FBP) and other fluoro polymers, 
and Polyether ether ketone (PEEK) . Typical thickness is 6-12 
mm. 

40 The reinforcing layers shall cope with all the mechani- 
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cal and thermal loads, to which the riser is exposed. The 
reinforcing layers are made of polymer matrix composites, 
which are glued or welded, to the inner liner. Thermoplastic 
matrix composites are welded to the inner liner by means of 
laser or other heating devices. Thermosetting matrix compo- 
sites are glued to the inner liner with epoxy or other types 
of glue. 

The reinforcing layers are built up of many single 
laminates consisting of unidirectional continuous fibres of 
carbon, glass, or aramid, which are embedded in 
thermoplastic or thermosetting resins. Typical thermoplastic 
resins are the following: Polyamides (PA, PPA) Polysulphone 
(PSU) , Polyether imide (PEI) and polyether sulphone (PES) . A 
typical thermosetting resin is epoxy. 

When thermoplastic resins are used, each single 
laminate is welded to the other layers by means of laser or 
other heating devices. When thermosetting resins are used, 
each single laminate is glued to the other layers by means 
of the resin itself. 

The reinforcing layers can be oriented in angles 
between ±35 and ±70° to the length direction of the riser. 
Typically the inner reinforcing layer is directed at +60° and 
the outer is directed ±45°- Typical thickness is 20-40 mm. 

The outer liner protects the reinforced layers from 
outer exposure of wear, abrasion, chemicals, heat etc. Outer 
liner materials include the following: Polyethylene (PE) , 
Polyamides (PA) , and basically the same materials as the 
matrix in the reinforcing outer layer. Typical thickness is 
4-8 mm. 

All the solutions mentioned below are included in the 
present invention: 

A riser with a thermoplastic matrix composite as the 
reinforcing polymer element. The fibre reinforced thermo- 
plastic matrix make it possible to have a thermoplastic 
welded bond to both the inner and the outer liner. The 
reinforcing polymer element is built up of several uni- 
directional layers welded to each other. The layers consist 
of a thermoplastic matrix, typical PPA, PSU, PEI or PES, 
which is reinforced with unidirectional aramid fibres. The 
fibre directions are typical ±52° on the riser length 
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direction. 

A riser where the reinforcing polymer element is built 
up of single layers of different fibre reinforced thermo- 
plastic matrices. The matrices change gradually or in steps 
5 from inner layer to outer layer. Typical (from inside) is 
50% of total thickness with PSU and 50% with PA or PPA. The 
reinforcement can be one type (carbon, glass, or aramid) 
through the thickness or change together with the change in 
matrix. In this way the properties of the resins (and/or 
10 fibres) are adapted to the requirements (temperature 

resistance, mechanical loads etc.) through the tube wall. 

Thus the invention relates to a riser where the 
reinforcing polymer element is built up of layers of one 
basic reinforced thermoplastic matrix, which is blended 
15 gradually or in steps from an inner layer to an outer layer 
with one or several other polymers. A typical resin is PES, 
which is blended with typical PSU. 

A riser with a blended matrix as stated above but with 
inner liner made- in the basic polymer and the outer liner 
20 built with the blended basic polymer. 

A riser having different fibre reinforced thermoplastic 
matrices but with intermediate layers of a thermoplastic 
polymer. The purpose of those layers is to work as crack 
stoppers, and to insulate the other layers. 
25 The invention also relates to a riser as described 

above, but with a thermosetting matrix composite as the 
reinforcing polymer element. The reinforcing polymer element 
is built up of several layers glued to each other. The 
layers consist of a thermosetting matrix of epoxy, 
30 reinforced with glass fibres, aramid fibres, carbon fibres 
or other types of fibres. 

The invention also relates to a riser as described 
above, but with two typical fibre orientations. The inner 
reinforcement layers, typical 70% of the thickness, are 
35 directed at ±60°, and the outer reinforcement layers (30%) 
are directed at ±45° related to the tube axes. The inner 
reinforcement layers are typical carbon fibres and the outer 
layers typical glass fibres. 

To get a still better understanding of the present 
40 invention it is referred to preferred embodiments described 
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in the specification below with reference to the 
accompanying drawings, where: 

Fig. 1 shows an example of the design of a flexible 

riser. Only the end of the tube is shown where 
each layer is partly stripped off to show the 
layers below in an illustrating manner. 

Fig. 2 shows a different embodiment of a flexible riser 
according to the present invention, in which at 
least some of the tensioning elements are 
separated by an intermediate layer not including 
any tensioning elements, enhancing the bending 
properties of the tube, 

Fig. 3 illustrates in perspective how one of the 

tensioning layers (sector III of layer 5 as an 
example) of the tube in Fig. 2, may be built up, 
and 

Fig. 4 illustrates how a riser tube according to the 
present invention may be manufactured. 

Note that the same reference numbers are used for the 
same parts on all the figures where appropriate, that the 
different figures or even details on one single figure not 
necessarily are represented in the same scale, and that some 
practical details of the design and implementation may be 
omitted to avoid crowded drawings. Thus, the embodiments 
shown in the drawings only represent examples of the 
invention which may be modified in many manners. 

In Fig. 1 an end portion of a long riser tube is shown, 
in which each layer is partly stripped off to show the 
design of the layers within. 

Accordingly the riser tube l is built up from the 
following layers ranging from within: An inner, hollow liner 
2, different tensioning layers 3 which are fibre reinforced 
and comprise three sub layers 5,6,7 and an outer, protective 
liner 4. 

The inner liner 2 acts as a barrier against the 
pressurized oil/gas flow. The inner liner also protects the 
adjacent reinforced sub layer 5 from exposure of wear, 
abrasion, chemicals, heat etc. The liner 2 must cope with 
temperatures between 100-200 8 C. The inner liner material may 
be selected from the following group of materials: 
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Polyamides (PA) , polyvinylidenf luorid (PVDF) , f luoro- 
ethylenpropylene (FEP) and other f luoro -polymers, and/or 
polyether-etherketon (PEEK) . Typical thickness of the inner 
liner is 6-12 ram. 
5 The internal diameter of the inner liner may range from 

150-305 mm (6-12 inches) and the completed riser tube 1 is . 
flexible enough to be spooled onto a reel with a hub radius 
of 4500-8500 mm, A 203 mm (8 inch) riser will typically be 
spooled on a reel with a hub radius of 5500 mm. 
10 The reinforcing layers 3 shall accept all the 

mechanical and thermal loads to which the riser is exposed. 
The reinforcing layers 3 including sub layers 5,6,7, are 
made of polymer matrix composites that are glued or welded 
to the inner liner or to each other. When thermoplastic 
15 composites are considered, they are welded by means of a 
laser or another heating device. When thermosetting matrix 
composites are considered, they are glued with epoxy or 
other types of glue. 

The reinforcing layers are built up from at least two 
20 separate laminates comprising unidirectional, continuous or 
jointed fibres of carbon, glass and/or aramid, embedded in a 
thermoplastic or thermosetting resin. Typical thermoplastic 
resins are the following: Polyamide (PA, PPA) , polysulphone 
(PSU) , polyetherimid (PEI) and polyether sulphone (PES) . A 
25 typical thermosetting resin is epoxy. 

When thermoplastic resins are used, each single 
laminate is welded to the next layer by means of a laser or 
another heating device. When thermosetting resins are used, 
each single laminate is glued to the next layer by means of 
30 the resin itself. 

The reinforcing layers preferably can be oriented in 
angles between ±35 and ±70° related to the length direction 
of the riser. Typically the inner reinforcing layers are 
directed at +60° and the outer are directed alternatingly at 
35 ±45°, also related to the tube axes. Typical thickness of 
these layers is 20-40 mm. 

The outer liner 4 protects the reinforced layers from 
external exposure from wear, abrasion, chemicals, heat etc. 
The outer liner materials are selected from the following 
40 group of materials: Polyethylene (PE) , polyamides (PA), and 
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basically the same materials as the matrix in the 
reinforcing outer layer. Typical thickness is 4-8 mm. 

It should already be mentioned that each layer of the 
tube is designed to be just sturdy enough to tolerate the 
5 stress it is exposed to at its own position within the tube. 
Thus, the inner liner has qualities which stand up to the 
strain and stress to which that specific layer is exposed. 
Accordingly the inner liner must endure high temperatures, 
some reinforcing layers must endure high internal pressures, 

10 some other of the reinforcing layers have to stand up with a 
high stress in longitudinal direction, the different 
reinforcing layers also cooperate to avoid torsional curving 
and twisting of the pipeline when large changes occur, e.g. 
in the longitudinal strain. Finally the outer liner 4 has to 

15 be designed to tolerate the conditions in the surroundings, 
e.g. the temperatures, the composition and fouling taking 

place in the sea. 

It should also be mentioned that the matrix material 
either may be changed gradually or stepwise from the inner 

20 layers to the outer layers, however, always so that each 

layer is compatible to the adjacent layers on both sides. It 
should also be pointed out that such changing or blending of 
the materials may be done according to economic 
considerations, i.e. each layer may be built up from the 

25 less expensive material acceptable for the prevailing 
conditions just at this position within the tube. 

Fig. 2 shows a similar view of the end of a flexible 
tube according to the present invention, as that in Fig. 1. 
In the embodiment according to Fig. 2 the inner liner 2 is 

30 made of a 6 mm thick PEEK sheath, the next reinforcing layer 
5 comprises a plurality of laminated sub-layers having a 
crosswire orientation of the fibres, as the lay direction is 
altered for each sub layer. This is more clearly shown in 
Fig. 3. This first reinforced layer 5 has a total thickness 

35 of 14 mm, the reinforcing fibres are carbon fibres 

integrated in a PES matrix material and the layers have 
approximately a pitch angle alternating between +60° and - 
60°. 

The next layer 6 may in a similar manner comprise a 
40 plurality of fibre reinforced sub layers. The complete 
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thickness of the layer 6 is, e.g. 6 mm and here the rein- 
forcing fibres are glass fibres having an alternating pitch 
between +45° and -45°, while the matrix material is PSU. 

Finally the outer liner may be a 4 mm thick mantel made 

5 of homogenous PA. 

A typical riser according to the invention is shown in . 
Pig. 2 depicting a flexible 8 inches inner diameter riser. 
This riser can be spooled on a reel with radius 5500 ram. The 
riser is continuous without joints. The riser is designed 
10 for an inner pressure of 700 bars. It is built up of an 

inner liner made of PEEK (Polyether ether ketone) , which is 
a high temperature and chemically resistant partly 
crystalline thermoplastic material. The thickness of the 
inner liner is 6 mm. A carbon fibre reinforced PSU 
15 (Polysulphone) composite, which is built up of several 

layers (typical 14 layers) of unidirectional tape or roving, 
is winded on the inner liner. The layers are winded ±60° 
(first layer +60°, next -60° etc.) to the length of the 
riser. This reinforcing element is 14 mm thick. The outer 
20 reinforcing element 6 consists of one or more layers of 
glass fibre reinforced PES ( polyether- sulphone) . This 
element is 6 mm thick. The reinforcing layers in this 
element, is winded ±45° to the length of the riser. The outer 
liner is 4 mm thick and is made of PA (polyamide) . 
25 Each unidirectional layer is welded to each other with 

laser or other heating devices. See Pig. 3. 

Details within each of the fibre reinforced layers 5 
and 6 are shown more clearly in Pig. 3. Fig. 3 may relate to 
the reinforcing layer 5 and/or to the reinforcing layers 6,7 
3 0 which all are built up in a similar way, as they may 

comprise a plurality of sub- layers shown in Fig. 3 with 
reference numbers 10-15. In the layer 5 the total thickness 
is, e.g. 14 mm and the reinforcing fibres are carbon fibres 
embedded in a matrix material of PES. The pitch angle of the 
35 fibres may alternate from one sub layer to the next, as, 

e.g. from +60° in layer 10 to -60° in layer 11, both relative 
to the longitudinal axis of the tube. It should also be 
mentioned that a modification could be introduced, as some 
of the sub layers could be without any reinforcing fibres. 
40 This is done to obtain a more flexible tube, as sub layers 
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without fibres will allow some sliding between adjacent 
fibre reinforced layers. To allow such a shear-force 
displacement of two adjacent fibre reinforced layers during 
bending, a thermoplastic layer without any fibre 
5 reinforcement may be introduced. Still, another possibility 
is to let the outermost sub layers on one or both sides of . 
the layer 5 be without fibre reinforcements. 

Finally it should be mentioned that the matrix 
material, where PES is mentioned as an example, may be 

10 gradually blended with another matrix material, such as PSU, 
so that the content of PES in the matrix material has a 
higher value in sub layer 10 than in sub layer 15, while the 
contents of PSU may be much higher in the sub layer 15 than 
in the sub-layer 11. With such a blended solution it is 

15 preferred that the outer layers, 10 and 15 in the shown 
example, are unblended, e.g. consisting completely of PES 

respectively PSU. 

The same explanation as given above for layer 5 may be 
used also for the next layer 6. However, here it is 

20 preferred that the reinforcing fibres are glass fibres, that 
the pitch angle changes from +45° in one layer to -45° in the 
next, that PSU is the main or basic matrix material and that 
the complete thickness of the layer 6 is approximately 6 mm. 
Finally the outer liner 4 is shown as a 4 mm thick 

25 layer of PA. Here also the material may be blended so that 
the external surface comprises only PA or has a substantial 
content of PA while the inner surface of the outer liner 4 
may comprise a higher content of PSU, or possibly PSU only, 
to make the outer liner more compatible with the external 

30 surface of the reinforced layer 7. 

It should also be mentioned that at least one of the 
layers or sub layers may have a fibre reinforcement with a 
pitch angle of 90° or close to 90° to take up an internal 
overpressure. 

35 In Fig. 4 it is in principle shown how a tube according 

to the above description may be produced. The inner liner is 
built up around a mandrel 20 in a production line, the 
matrix material may be extruded from nozzles (not shown on 
the figure) , while the reinforcing fibres 21 may be applied 

40 as fibre tapes by means of a roller 22 having the desired 
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pitch angle. Heating may be applied as desired in a heating 
zone 23, e.g. by mean of a laser beam 24. 

It should also be mentioned that such a pipe may be 
produced in very long lengths, e.g. more than 2 km. When 
such long tubes are produced, the reinforcing fibres may be 
jointed, e.g. by overlapping the fibre tapes and jointing 
them with a glue when thermosetting materials are considered 
and by welding when thermoplastic materials are considered. 
However, such tubes may also be produced in shorter sections 
which may be jointed at the site with stiff jointing members 
preferably of a type which can transfer the stress and 
strain in longitudinal direction to the next length of the 
tube. 

The different layers have different tasks and can be 
combined in a huge number of combinations. Thickness, orien- 
tation, multiple layers, intermediate layers, matrix materi- 
als and fibre materials are all parameters which may be 
manipulated. 

The concept is based on a riser, which can be spooled 
onto a reel. Two basic production concepts can be used. The 
first is to produce the whole riser in one piece and second 
is to produce discrete lengths and assemble those. 

The flexible riser tube may be modified in many ways 
without leaving the scope of the invention. Thus, the 
numbers of different layers may vary. The material used in 
the fibres may change from one layer to the next, but also 
along the tube length. There may be included reinforced 
layers with a much higher pitch angle, close to 90°, which 
layer or layers may be designed to take up most of the 
internal over-pressure. The pitch of the fibres or some of 
the fibres may also be below 45°, quite down to 0°, i.e. 
parallel to the tube axes. 

The layers without any reinforcing fibres may comprise 
one complete sub layer, such as 5,6 or 7, or they may 
comprise one or some selected of the sub- layers such as 10- 
15, within one layer. 

The change of the matrix material may take place 
abruptly or gradually, provided that the adjacent layers are 
compatible to each other, so that strong bonding may be 
obtained. Thus, one thermoplastic layer may be arranged 
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between two thermosetting layers or vice versa. 

The complete tube may be protected by outer con- 
ventional protective sheathing {not shown) and may be 
delivered as one continues tube or as sections adapted to be 
5 jointed, then possibly with tensioning joints. 
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Claims 

1. A flexible, polymer, composite tube (1) adapted for 
transport of fluids such as hydrocarbons, e.g. oil and/ or 
gas, 

characterized in that the flexible riser (l) 
comprises the following structural elements: 

an inner liner (2) of thermoplastic material, 
an intermediate reinforced, polymer, multi layer 
component (3) , and 

an outer thermoplastic liner (4) ; 
where the inner liner (2) is continuously bonded to the 
intermediate, multi layer component (3), which again is 
continuously bonded to the outer liner (4), which tube (1) 
is flexible enough to be coiled with a curvature radius as 
short as approximately 20 times its outer diameter. 

2. * A flexible tube as claimed in claim 1, 
characterized in that the reinforced, polymer 
component (3) comprises at least two, distinct elements 
(5,6,7), 

one first, reinforced polymer element (5) comprising a 
fibre reinforced polymer, and 

one second, reinforced polymer element (6) also com- 
prising a fibre reinforced element ; 
where at least one of the following parameters 

the fibre material, 

the polymer material, 

the design details, such as dimensions and length of 
lay for the fibres, 

differ significantly between said at least two elements 
(5,6,7) . 

3 . A flexible tube as stated in claim 1 or 2 , 
characterized in that there internally in at 
least one of the reinforced elements (5,6,7) and/or in 
between said at least two elements (5,6,7) is/are arranged 
at least one layer containing polymer material only; so that 
an internal shear force during bending may result in a minor 
sliding, mutual displacement between adjacent fibre rein- 
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forced layers. 

4. A flexible tube as stated in any of the claims 1-3, 
characterized in that the inner liner (2) is 
made of at least one polymeric material being sufficiently 
resistant against wear, abrasion, chemicals and heat to be 
exposed to the hydrocarbons which are to be transported at 
the prevailing pressure and temperature, and having the 
ability to be securely bonded to the inner, reinforced 
component (5) . 

5. A flexible tube as claimed in any of the claims 1-4, 
characterized in that the outer liner (4) 
includes at least one polymer material adapted to protect 
the adjacent reinforced layers from exposure of wear, 
abrasion, chemicals and heat; preferably consisting of 
polyethylene, polyamide and substantially comprising a 
material compatible to the matrix material of the outermost 
reinforcing element (6,7). 

6. A flexible tube as stated in one of the claims 1-5, 
characterized in that at least one of the 
intermediate elements (5,6,7) have a matrix material 
changing gradually or stepwise from one polymer material to 
another polymer material. 

7. A flexible tube as stated in any of the claims 1-6, 
characterized in that the reinforced elements 
(5,6,7) have different reinforcement fibres, each time 
compatible to the surrounding matrix material. 

8. A flexible tube as claimed in claim 6, 
characterized in that the matrix material in 
the reinforced components (5,6,7) gradually or in steps 
changes from PSU close to the inner liner (2) to PA or PPA 
close to the outer liner (4) . 
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9. A flexible tube as claimed in any of the claims 1-8, 
characterized in that the inner liner (2) is 
made of one first basic polymer and the outer liner (4) is 
built of the basic polymer blended with one or several other 
polymers . 

10. A flexible tube as claimed in any of the claims l-io, 
where the tube (l) is continuous without any joints, and 
is designed for a high inner pressure, 
characterized in that 

the inner liner (2) is made of polyether ether ketone 

(PEEK) , 

the inner fibre reinforced element (5) includes a 
carbon fibre reinforced polysulphone composite, comprising: 

several layers of unidirectional tape or roving winded 
on the inner liner (2), where the lay of the applied fibres 
alternates between +60° and -60° (typical 14 alternating 
layers), 

the outer reinforcing element (6) comprises glass fibre 
reinforced polyether sulphone (PES) , where the glass fibre 
reinforcement is winded alternately with +45° and -45° while 

the outer liner (4) is made of polyamide (PA) . 

11. A method for manufacturing a flexible tube (1) adapted 
for transport of fluids such as hydrocarbons, e.g. oil 
and/or gas, and flexible enough to be coiled with a 
curvature radius as short as approximately 20 times its 
outer diameter, 

characterized in that 

the inner liner (2) is extruded as a core around a centrally 
arranged mandrel (20) whereupon each reinforcing layer or 
sublayer (5, 6, 7, -10 -15) is built up from separate fibre tapes 
winded with a predetermined pitch onto said core; each layer 
being welded or glued to the adjacent layers by means of a 
heating device, such as a laser (24) . 
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[received by the International Bureau on 24 November 1999 (24.11.99); 
original claims 1-11 replaced by new claims 1-9 (3 pages)] 

1. A flexible, polymer, composite tube (1) adapted for 
transport of fluids such as hydrocarbons, e.g. oil and/or 
gas, where the flexible riser (1) comprises the following 
structural elements: 

an inner liner (2) of thermoplastic material, 
an intermediate reinforced, polymer, multi layer 

component (3), and 

an outer thermoplastic liner (4); 

where the inner liner (2) is continuously bonded to the 

intermediate, multi layer component (3), which again is 

continuously bonded to the outer liner (4), 

characterized in that the reinforced, polymer 

component (3) comprises at least two, distinct elements 

(5,6,7) , 

one first, reinforced polymer element (5) comprising a 
fibre reinforced polymer, and 

one second, reinforced polymer element (6) also com- 
prising a fibre reinforced element; 
where at least one of the following parameters 

the fibre material, 

the polymer material, 

the design details, such as dimensions and length of 
lay for the fibres, 

differ (s) significantly between said at least two elements 
(5,6,7), to ensure that the tube (1) is flexible enough to 
be coiled with a curvature radius as short as approx. 20 
times its outer diameter. 

2. A flexible tube as stated in claim 1, 
characterized in that there internally in at 
least one of the reinforced elements (5,6,7) and/or in- 
between said at least two elements (5,6,7) is/are arranged 
at least one layer containing polymer material only; so that 
an internal shear force during bending may result in a minor 
elastic, longitudinal deformation within the polymer 
material leading to a small mutual displacement between 
adjacent fibre reinforced layers. 

3. A flexible tube as stated in any of the claims 1-2, 
characterized in that the inner liner (2) is 
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made of at least one polymeric material being sufficiently 
resistant against wear, abrasion, chemicals and heat to be 
exposed to the hydrocarbons which are to be transported at 
the prevailing pressure and temperature, and having the 
ability to be securely bonded to the inner, reinforced 
component (5) . 

4. A flexible tube as claimed in any of the claims 1-3, 
characterized in that the outer liner (4) 
includes at least one polymer material adapted to protect 
the adjacent reinforced layers from exposure of wear, 
abrasion, chemicals and heat; preferably consisting of 
polyethylene, polyamide and substantially comprising a 
material compatible to the matrix material of the outermost 
reinforcing element (6,7). 

5. A flexible tube as stated in one of the claims 1-4, 
characterized in that at least one of the 
intermediate elements (5,6,7) have a matrix material 
changing gradually or stepwise from one polymer material to 
another polymer material. 

6. A flexible tube as stated in any of the claims 1-5, 
characterized in that the reinforced elements 
(5,6,7) have different reinforcement fibres, each time 
compatible to the surrounding matrix material. 

7. A flexible tube as claimed in claim 5, 
characterized in that the matrix material of 
the reinforced components (5,6,7) gradually or in steps 
changes from PSU close to the inner liner (2) to PA or PPA 
close to the outer liner (4) . 

8. A flexible tube as claimed in any of the claims 1-7, 
characterized in that the inner liner (2) is 
made of one first basic polymer and the outer liner (4) is 
built of the basic polymer blended with one or several other 
polymers . 

9. A flexible tube as claimed in any of the claims 1-8, 
where the tube (1) is continuous without any joints, and 
is designed for a high inner pressure, 
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characterized in that 

the inner liner (2) is made of polyether ether ketone 
(PEEK) , 

the inner fibre reinforced element (5) includes a 
carbon fibre reinforced polysulphone composite, comprising: 

several layers of unidirectional tape or roving winded 
on the inner liner (2), where the lay of the applied fibres 
alternates between +60° and -60° (typical 14 alternating 
layers) , 

the outer reinforcing element (6) comprises glass fibre 
reinforced polyether sulphone (PES), where the glass fibre 
reinforcement is winded alternately with +45° and -45° while 

the outer liner (4) is made of polyamide (PA) . • 
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STATEMENT UNDER ARTICLE 19 

I refer to the international search report, and in this connection 
I enclose a new, amended set of claims. 

To explain the situation I also ask you to consider the following 
argumentation for the new set of claims: 

First of all the previous claims Nos.: 1 and 2 are now combined in ; 
one single claim. And the method claim is deleted. 

From US pat .Ho.: 3905398 a composite reinforced hose is previously 
known. However, this hose is not designed to endure the high 
compression forces acting on deep sea locations. And when 
different layers in this hose are to be joined, this is clearly 
implemented by means of an adhesive. 

From EP No.: 0062435 there is also known a hose, not designed to 
endure high external pressures. It should also be mentioned that 
this design uses wires (i.e. steel elements) as reinforcing 
elements. Finally there is in many of the embodiments shown 
intended to obtain a sliding effect between the different layers. 
And when sliding is not wanted, an adhesive is also here added. 

All these features are in contrary to the present invention. In 
our solution the real measure is to obtain an integrated, flexible 
but reliable tube which may be used in really deep waters. 
Accordingly the tube must endure high external and internal 
pressures. The tube must also accept bending and movements during 
high pressure conditions. 

In a specific embodiment each layer is continuously bonded 
(melted) to the adjacent "layer" or "layers" without any use of 

adhesives; so that the complete wall of the tube will act as 
one single, integrated element, and the shear forces developed 
during bending of the tube will neither result in a distinct 
sliding between the layers nor in caging, but only in a minor 
elastic and continuous deformation of the complete wall 
structure that will enhance the bending properties. 

It should also be mentioned that both the continuous blending 
between the layers and the stepwise or gradually blending of 
the material in the matrix described in the dependent sub- 
claims, will lead to a stable and undisturbed internal 
structure within the tube wall during a repeated deformation 
cycle . 

In my opinion a solution according to the new claims 
represents a new and inventive flexible and endurable high 
pressure tube design, suitable for off shore risers. 

The flexible tube according to the present invention is tough 
and will , contrary to the hose described in the cited 
references, endure the conditions on an offshore oil or gas 
field. 

I ask you to consider the new set of claims in light of the 
above argumentation. 
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